The paper presents the analysis of the convergence of household final consumption expenditures on food in the European Union countries in the period of 1999-2015, considering spatial and spatio-temporal tendencies and dependencies. The aim of this research is to verify whether space significantly influences the convergence of the considered process. The subject of the investigation is the share of household final consumption expenditures on food in total final consumption expenditures of European countries. Spatial and spatio-temporal tendencies and dependencies are surveyed using the conception of spatial and spatio-temporal trends and spatial autocorrelation. The convergence of the process is investigated with the use of β-convergence models for panel data (also in the spatial terms). Absolute and conditional convergence approaches are applied. For the conditional approach, the models are expanded to incorporate the influence of additional determinants, including space, disposable income and the level of food prices.
Introduction
The article focuses on the study of the food expenditures convergence in European countries considering some determinants -income, the food prices level and spatio-temporal tendencies. The idea of the convergence process is presented by Barro and Sala-i-Martin (1992) . In the following investigations, the convergence process in Europe was observed (Dall'Erba, Le Gallo, 2008; Kulhánek, 2012; Carnicky et al., 2016; von Lyncker, Thoennessen, 2017) . The result of this process can be explained by the fact that the consumption structures in Europe are becoming more and more similar (Nowak, Kochkova, 2011; Jankiewicz, 2018) . Engel (1895) in his research observed the situation where the share of food expenditures fell when the income of households rose. According to Engel's law "the poorer a family, the greater the proportion of its total expenditures that must be devoted to the provision of food" (as cited in Stigler, 1954: 98) . Therefore, disposable income is one of the main consumption factors.
Food expenditures have been investigated by many researchers in their papers (Banks, Blundell, Lewbel, 1997; Dudek, 2011; Dybczak, Toth, Vonka, 2014; Janský, 2014; Cupák, Pokrivčák, Rizov, 2015; Kundu, 2017) . However, there are not many studies that consider spatial and spatio-temporal tendencies in the values formulation of this process. The analysis of these tendencies is a significant supplement to previous studies due to the fact that the data are spatial (values of the considered processes characterise spatial units).
The primary aim of the study is to investigate spatial and spatio-temporal tendencies of food expenditures, disposable income and the level of food prices in the European Union (excluding Croatia, Cyprus and Malta) across countries in the years 1999-2015. The second aim of the research is to analyse the convergence of food expenditures in Europe including the influence of additional determinants -disposable income and the level of food prices.
This paper provides some extension of the investigation presented in my previous work (Jankiewicz, 2018) .
The subject and scope of the investigation
The study focuses on the spatial differentiation and convergence of food expenditures in the European Union countries (excluding Croatia, Cyprus and Malta) in the years 1999-2015. The following indicators have been analysed: the share of final consumption expenditures of households on food in total final consumption expenditures, disposable income per capita (in real terms) and the level of food prices. The adopted time range and spatial aggregation of this research allow us to see spatial and spatio-temporal tendencies in the shape of the analysed variables. These tendencies are investigated with the use of spatial and spatio-temporal models and the spatial autocorrelation approach. Moreover, spatial error models are estimated for the considered variables. The convergence of food expenditures is studied using the conception of absolute and conditional convergence. β-convergence models for panel data are estimated and verified.
The first hypothesis of the study is that food expenditures in the EU are becoming more and more similar. The second hypothesis verifies the significant influence of the additional determinants on the food expenditures convergence process.
Data
The data applied in this study come from the European Statistical Office (Eurostat) database. The share of final consumption expenditures on food in total final consumption expenditures (Y) is taken directly from the database. The values of disposable income per capita (X 1 ) and the food prices index (X 2 ) are obtained through own calculations. The calculations and figures are made using R-Cran software (version 3.4.1), Python (version 3.5) and Gretl. Source: author's own elaboration Figure 1 presents the spatial differentiation of variable Y in the two extreme years of analysis (1999 and 2015) . Figure 2 shows the trend surfaces of food expenditures for the analysed years. The northern and western part of the continent is characterised by lower values of the considered variable than the other parts.
The eastern and southern part of Europe is dominated by relatively high values of Y. Moreover, the highest value of Y is noted in Romania (white colour on the maps) in both years of investigation. Based on Figure 2 , the presumption of presence of the second-degree spatial trend was formulated. Source: author's own elaboration Figure 3 shows the spatial differentiation of disposable income (per capita) in the European Union in the years 1999 and 2015. Figure 4 presents the trend surfaces of the considered variable for the respective years. The opposite tendency than in the previous variable in both years of investigation is noted. A high level of disposable income (more than median) is observed in the western and northern part of Europe. The central-eastern part of the continent is dominated by countries with a lower level of disposable income. As shown earlier, the maps in Figure 3 clearly indicate the fact that the EU is divided into two parts. The first is northern-western Europe and the other is central-eastern Europe. It is possible to suppose that the second-degree spatial trend of disposable income is observed. In turn, Figure 5 shows the spatial differentiation of the food prices level in European countries for the same years. Figure 6 presents the trend surfaces of the considered variable for 1999 and 2015. The spatial distribution of this variable is similar and opposite to the spatial distribution of disposable income and food expenditures respectively. A high level of variable X 2 (more than median) is observed in the western, northern and southern part of Europe (excluding the Iberian Peninsula). The central-eastern part of the continent is dominated by countries with a lower level of food prices. As shown earlier, the maps in Figure 5 clearly indicate the fact that the EU is divided into two parts. The first is northern-western Europe and the other is central-eastern Europe. Based on Figure 6 , it is possible to suppose that the second-degree spatial trend of variable X 2 is observed. The values of the analysed variables are observed in spatial units (EU countries) and in the certain time range (in the years [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] . Therefore, in this study, the considered processes are treated as spatio-temporal stochastic processes. A spatio-temporal stochastic process is a random function Y(s, t), where s = [s 1 , s 2 ] ∈ D ⊂ R 2 , T ∈ t ⊂ R are non-random arguments of the process (Cressie, 1993: 9; Schabenberger, Gotway, 2005: 432 ). The argument s describes the locations of spatial units, and t indicates time. Space and time dimensions in the study are discreet quantities, so the processes Y(s i , t) are analysed, where: s i = [s 1i , s 2i ], i = 1, 2, …, N ⊂ C, and t = 1, 2, …, T ⊂ C (C is the set of natural numbers). For these processes, econometric models are estimated and verified.
The first step of the study is to analyse trend-autoregressive structures of the considered variables. The models estimated at this step of the research are spatial and spatio-temporal trend models for spatial processes Y(s i ), X 1 (s i ) and X 2 (s i ). Furthermore, spatial autocorrelation based on Moran's I statistics (Moran, 1950) is tested and spatial error models are estimated. The form of the spatial trend model is as follows (Cressie, 1993: 155) :
where: µ(s i ) -spatial process s i , i -as above, p -polynomial trend degree, ,
The form of spatio-temporal trend can be written as follows (Szulc, 2007: 103) : = ∑∑ -a sum of the corresponding elements of the weights matrix W, n -the number of regions. In this research, the matrix W of connections based on the common border criterion is used.
For each spatio-temporal process, the spatial error model (Anselin, Florax, Rey, 2004; Arbia, 2006) including spatio-temporal trend is estimated and verified. The model takes the form:
where s i , i, t, u(s i , t) -as above, ε(s i , t) -spatio-temporal white noise. W * -the block matrix of spatio-temporal connections which takes the form: 
Panel data and spatial panel data models
In the next step of investigation, panel data and spatial panel data models are used for convergence process analysis (absolute and conditional). The panel and spatial panel data models for absolute convergence are estimated in the following forms (Baltagi, 2005: 13; Suchecki, 2012: 96; Kusideł, 2013: 52) : 
where: y i,t -dependent variable Y, α i -individual effect for i th spatial unit, η i,t , u i,t -error component models. Models (6) and (7) are classical panel data models (pooled and fixed effects) estimated using the ordinary least squares (OLS) and least squares dummy variables (LSDV) method respectively. Models (8) and (9) are spatial error panel data models without and with fixed individual effects respectively. The panel data and spatial panel data models for conditional convergence are estimated in the following forms (Baltagi, 2005: 13; Suchecki, 2012: 96; Kusideł, 2013: 52 
where: y i,t , α i , η i,t , u i,t -as above, x 1,i,t , x 2,i,t -natural logarithm of independent variables X 1 and X 2 respectively, CR i,t -variable denotes financial crisis. Models (10) and (11) are estimated as models (6) and (7) respectively. The β parameter serves to calculate the t half-life value, which presents the time needed to reduce the difference by half. It is expressed as follows (Kusideł, 2013: 51) :
where: b = -ln(1 + β) expresses the convergence rate.
5. Specification of spatial and spatio-temporal econometric models -results of the empirical analysis
Analysis of spatial and spatio-temporal tendencies
The investigation started with the analysis of the spatial tendency of the considered processes: the share of food expenditures in total final consumption expenditures (Y(s i )), disposable income per capita (X 1 (s i )) and the level of food prices (X 2 (s i )). Table 1 presents the spatial structure of these processes. The spatial trend models were estimated and verified. Next, spatial autocorrelation was tested using Moran's I statistics and its significance. The level of significance value 0.05 was adopted.
In each year of investigation, the presence of the spatial trend was noted for all processes. The degree of the spatial trend was fixed over all the researched period. More precisely, the second-degree spatial trend for each of the analysed variables was observed. Variable X 1 did not show spatial autocorrelation throughout the considered period. A different situation was noted for the other ones: namely for Y spa-tial autocorrelation was noted only in three years of research (2012, 2014 and 2015) , while X 2 showed significant spatial autocorrelation in the years 2000-2006. The next step of the investigation was an analysis of spatio-temporal tendencies for the considered variables. Table 2 presents the results of estimation and verification of the spatio-temporal models for the analysed variables (processes). In the case of all analysed variables, the second-degree spatio-temporal trends were noted (the same degree for spatial and temporal component). Moreover, the presence of spatial autocorrelation in the estimated models was tested. Based on the results of the Moran test, the residuals designated from these models for each of the considered variables showed spatial autocorrelation. Therefore, it was possible to estimate spatial models. Table 3 presents the results of estimation and verification of the spatial error models with the spatio-temporal trends.
The scalar parameter that measures the strength of spatial dependence (λ) is negative and statistically significant in each of the estimated models. It means that the neighbouring countries are different in terms of factors other than the de-pendent variable considering only the spatial differentiation. The residuals of these models do not show spatial autocorrelation (Moran's I statistics is not statistically significant). 
The specification of β-convergence panel data models
After the analysis of spatial and spatio-temporal tendencies, the convergence of food expenditures was considered. For this study, β-convergence panel data models -classical and with the spatial factor -were estimated and verificated. The absolute convergence and conditional convergence approaches were used in order to conduct the research on the food expenditures convergence. Table 4 shows the results of estimation and verification of absolute β-convergence panel and spatial panel data absolute models. Four types of panel data models were estimated: OLS model (Pooled), fixed individual effect model (FE_IND), spatial error panel data model (SE_Pooled) and spatial error panel data model with fixed individual effects (SE_FE_IND). The parameter referring to the time-lagged dependent variable (1 + β) is positive and statistically significant. Based on the Wald test, the fixed effects in convergence analysis are also significant. The spatial factor influences the convergence process -the parameter λ is statistically significant. It means that the conditions in neighbouring countries impact food expenditures in a specific country. The residuals of the spatial error models do not indicate spatial autocorrelation. According to the pooled model model, approx. 19 years are needed to reduce inequalities in food expenditures by half. Based on the FE_INDmodel, this time is much shorter -less than 3 years. In models with the impact of the spatial factor, the half-life time lengthens to approx. 3 and 4 years respectively.
Expanding the models by including the influence of disposable income per capita, the level of food prices and the crisis variable on consumers food expenditures, the conditional convergence was analysed. Table 5 presents the results of estimation and verification of panel data conditional β-convergence models (also in the spatial terms). The significance and positive sign of the parameter (1 + β) (reflecting the influence of the time-lagged dependent variable) shows that the convergence process occurs. Moreover, influences of disposable income (parameter γ), the level of food prices (parameter δ) and the financial crisis (parameter ρ) are also significant (excluding the parameters γ and δ in Pooled and SE_Pooled models). Again, the Wald test shows significance of the fixed effects and the residuals of the SE_Pooled odn SE_FE_IND models do not show spatial autocorrelation. Time needed to reduce inequalities in food expenditures by half calculated in line with FE_IND and SE_FE_IND models is shorter than calculated from pooled models. Moreover, for these models (excluding SE_Pooled), the half-life is shorter considering conditional convergence, not absolute convergence. 
Conclusions
The analysis showed that spatial and spatio-temporal dependencies are observable in all of the considered processes: food expenditures, disposable income and the level of food prices in Europe. The eastern part of the continent is dominated by countries with a relatively high level of the share of households expenditures on food in total expenditures. Moreover, these countries are characterised by a lower level of disposable income than the others, wherein the food is cheaper than in the southern-western part of Europe. Based on the study, it was concluded that the convergence process of food expenditures in Europe is progressive. Simultaneously, the influence of disposable income and the level of food prices significantly shorten the time to reduce inequalities in the considered process. It was possible to suppose that those determinants would interact in the similar way in the considered expenditures, however, the models showed the opposite impact (parameters with negative and positive sign respectively). The increase of the level of food prices causes the decrease of the real wages. Therefore, households can consume fewer other goods and the share of food expenditures in the final consumption expenditures increases. The influence of changes in the food price level can vary in different countries.
It can be a result of their level of development. In further research, the countries will be divided into highly and poorly developed. The financial crisis had a significant impact on food expenditures -the share of food expenditures in total consumption expenditures was higher in the time of crisis. In the next step of research, the convergence models should be extended to include the influence of additional determinants: consumer credits as well as demographic and technological conditions in European countries. β-convergence models could be estimated for central-eastern and southern-western countries separately. Furthermore, an analysis of the σ-convergence and γ-convergence could be a valuable supplement to the food expenditures convergence.
Konwergencja wydatków na żywność w krajach Unii Europejskiej -analiza przestrzenno-czasowa
Streszczenie: Artykuł prezentuje analizę konwergencji finalnych wydatków gospodarstw domowych na konsumpcję żywności w krajach Unii Europejskiej w latach 1999-2015, uwzględniając tendencje i zależności przestrzenne oraz przestrzenno-czasowe. Celem badania jest sprawdzenie, czy aspekt zróżnicowania przestrzennego istotnie wpływa na proces konwergencji tych wydatków. Przedmiotem badania jest udział wydatków gospodarstw domowych na żywność w wydatkach ogółem tych gospodarstw w krajach europejskich. Przestrzenne i przestrzenno-czasowe tendencje i zależności są badane z wykorzystaniem koncepcji modeli trendu przestrzennego i przestrzenno-czasowego oraz autokorelacji przestrzennej. Modele β-konwergencji dla danych panelowych (również w ujęciu przestrzennym) służą wyjaśnieniu procesu konwergencji wydatków na żywność. Rozważane są dwa podejścia do analizy konwergencji -konwergencja absolutna oraz konwergencja warunkowa. W przypadku tej drugiej modele są rozszerzone o działanie dodatkowych determinant analizowanego procesu -dochodu rozporządzalnego oraz poziomu cen żywności.
